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O We discuss the relevance of studying single transverse-spin asymmetry in hard-exclusive 

D meson electroproduction in the backward region. Such an asymmetry could help us dis- 

_G criminate between contributions from a soft baryon exchange in the w-channel and a hard 

parton-induced scattering. 
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1. Introduction 

In Ref. 1-3, we introduced the framework to study backward pion electro- 
production, 

y*(q)N( Pl ) N'(p 2 Mpn), (1) 

• • 

on a proton (or neutron) target, in the Bjorken regime (q 2 large and 
^ q 2 l{2p\.q) fixed) in terms of a factorized amplitude (see Fig. 1) where a 

hard part is convoluted with Transition Distribution Amplitudes (TDAs), 
as well as the reaction, 

N(pi)N(p 2 ) ^ y*{q)n{p n ), (2) 

in the near forward region. 4 6 This extended the concept of Generalised 
Parton Distributions (GPDs). Such an extension of the GPD framework 
has already been advocated in the pioneering work of Ref. 7. The TDAs 
involved in the description of Deeply-Virtual Compton Scattering (DVCS) 
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in the backward kinematics y*(q)N(p\) -» N'(p 2 )y(p y ) and the reaction 
N(pi)N(P2) -* J*{q)y{Py) in the near forward region were given in Ref. 8. 

Recently, a study of the TDAs in the meson-cloud model 9 has become 
available. 10 Yet, more work is needed before being able to proceed to quan- 
titative comparisons between different TDA models and between theory 
and experiments. For the time being, model independent analyses - look- 
ing for scaling or characteristic polarization effects - sound more expedi- 
ent. In this context, we would like to argue here that the study of target 
transverse-spin asymmetry (which we will denote SSA) could be used as 
a test of the dominance of a hard parton-induced scattering in the back- 
ward region at large Q 2 rather than that of a soft baryon exchange in the 
M-channel. Such a reaction would only generate phases through final state 
interactions, expected to decrease for W 2 » (M + m n ) 2 and large Q 2 . On 
the contrary, in reactions at the parton level, one expects an imaginary part 
to develop and to generate a SSA independently of whether W 2 and Q 2 are 
large or not. This will be explained later on. 




X 



Fig. 1 . Illustration of the factorisation for backward electroproduction of a pion. 



2. Some definitions 

The five-fold differential cross section for the process eP —> e'P'n can be 
reduced to a two-fold one - expressible in the center-of-mass frame of the 
P'n° pair - multiplied by a flux factor r, dEld \^ d iQ, = r J^, where Q e is 



Fig. 2. Kinematics of electroproduction of a pion and definition of the angles <p and ipg 



the differential solid angle for the scattered electron in the lab frame, and 
is the differential solid angle for the pion in the P'n° center-of-mass 
frame, such that d£l* n = dcpd cos 9*. 0* is defined as the polar angle between 
the virtual photon and the pion in the latter system (see Fig. 2). <f> is the 
azimuthal angle between the electron plane and the plane of the process 
y*P -» P'n (hadronic plane) (0 = when the pion is emitted in the half 
plane containing the outgoing electron). 

In general, we have contributions from different polarisations of the 
photon. For that reason, we define four polarised cross sections, d 2 cr T , d 2 cr L , 
<i 2 o- TL and G? 2 <x TT , a which do not depend on (f> but only on W, Q 2 and 0*. The 
<f> dependence is written as 13 

d 2 cr d 2 cr T d 2 (T h r— c? 2 cr TL <5?V TT , 

— — - = — — - + e ——— + v2e(l + e) — — — cos d> + e — — — cos 2d>. (3) 

At the leading-twist accuracy, the QCD mechanism considered here con- 
tributes only to 

In the scaling regime, the amplitude for y*P(p\) —> P'(j>i)n{p n ) in the 
backward kinematics - namely small u = (p n -p\) 2 - A 2 or cos 9* close to - 1 



a For L, x,y, the linear polarisations of the virtual photon (for the definition of the x & y axis, see Fig. 1), one 
defines 12 - 13 d 2 cr h x M L (M L )*, d 2 cr T cc 1/2[M X (M X T + M y (M y )*], d 2 a- TL cc M X (M L T + M L (M X T and 
rfVrr oc l/2[M x (M x r -M>'(M y Tl 
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- involves the TDAs T(x t , A 2 ), where x t (i = 1, 2, 3) denote the light-cone- 
momentum fractions carried by participant quarks and £ is the skewness 
parameter such that 2£ = x\ + X2 + x 3 . 

The amplitude is then a convolution of the proton DAs, a perturbatively- 
calculable-hard-scattering amplitude and the TDAs, defined from the 
Fourier transform of a matrix element of a three-quark-light-cone opera- 
tor between a proton and a meson state. We have shown that these TDAs 
obey QCD evolution equations, which follow from the renormalisation- 
group equation of the three-quark operator. Their Q 2 dependence is thus 
completely under control. 

The momenta of the process y*P -> P'n are defined as in Fig. 1 & 2. The 
z-axis is chosen along the initial nucleon and the virtual photon momenta 
and the x-z plane is identified with the collision or hadronic plane (Fig. 2). 
Then, we define the light-cone vectors p and n (p 2 =n 2 =0) such that 2 p.n = 
1, as well as P - \{p\ + p n ), A = p n - p\ and its transverse component A r 
(A7-.A7- = A 2 , < 0). From those, we define £ in an usual way as £ = -jf-. 

We can then express the momenta of the particles through their Sudakov 
decomposition and, keeping the first-order corrections in the masses and 
A 2 , we have: 

M 2 i (A 2 -M 2 ), Q 2 

pi =d + Op + YT^ n,q + —&—)* + ^ , i^- f 

= (1 - + — w + A r , A = -2%p + [ — - —^\ n + At 

(A 2 - M 2 ) r m 2 _ A 2 M 2 

For £ x = (0, 1, 0, 0) and e y = (0, 0, 1, 0) with the axis definitions of Fig. 2, 
one may further specify that 

A T = lArKcos^e* + sin(f>£ y ) and st,\ = si = cos (f>$ s x + sin 4>s s y , (5) 

for the transverse spin of the target (s\.pi = s\.p = s\.n = 0). 

In the following, we use the same definition of the p -> n° TDAs as 
given byEq. (15) of Ref. [3]. 
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3. Hard-amplitude calculation 

At leading order in a s , the amplitude M x SiS2 for y*(q,A)P(pi, s\) -> 
P'(P2, s 2 )n ( \ Pn ) reads 



M = —i 

' 5 " S2 54 f n 



i rl 7 14 \ 

-^[ « 2 ^)y 5 Ml J l2 2>* + 2 r *) 

^ ff— 1 oc— 8 

»1»2 " v ' 

I 

■ww£r»« ffe + £>;;)], 



(6) 



•> S1 » 2 



1+f 1 

where J = J dxidx 2 dx 3 6(2^ - x\ - x 2 - x 3 ) Jdyidy 2 dy 3 6(l -y\-y 2 - yi), 

u(pi, si) - «i, u(p 2 , s 2 ) = u 2 and the coefficients T a and r^(a = 1, 14) are 
functions of Xi,yj,g and A 2 and are given in Table 1 of Ref. [3]. 

The expression in Eq. (6) is to be compared with the leading-twist am- 
plitude for the baryonic-form factor 14 

a 2 f 2 r( 7 14 \ 

M x oc-i(u 2 KA)ui)^f hY J T p a (xi,yj,tJ) + Y J T P a{xi,y j ,t,t)\ (7) 

^ J ' a=l a=8 ' 

The factors r£ are very similar to the T a obtained here. However, the 
integration domain is different. In the form factor case 



J stands for J dxydx 2 dx 3 8{\ - ^ x,) J dy\dy 2 dy 3 5(l - ^y»). 



(8) 



Consequently, the integration of denominators in r£ such as 1 /(x, + ie) do 
not generate any imaginary parts. On the contrary, the integrations of sim- 
ilar denominators in T a and T' a over the TDA integration domain will gen- 
erate an imaginary part when passing from the ERBL region (all x, > 0) to 
one of the DGLAP regions (one x, < 0). This will be the source of the SSA 
as we will show later on. 



4. Single Transverse Spin Asymmetry 

In order to study a possible SSA we shall study the quantity <r Si - cr~ Si with 
the definition 



A s 2 



(9) 



Since we are interested in the leading twist contribution of this asymme- 
try, we can sum only over the transverse polarisation of the virtual photon 
using £ £(Ar(e(A) v y = -g» v + (p»n v + p v n»)/(p.n). The sum on the final- 

A=x,y 

proton spin s 2 is done using Yi u a{pi, S2)up{p2, s 2 ) - (h + M) a p. As regards 

the initial-proton spinor, one uses the following relation involving its trans- 
verse spin s u u a (pu si)iifi(pu si) = 1/2(1 +y 5 h)(h + M) a/j . 
Hence, one has 



A=x,y s 2 ^ 1 ' 



" Q8V 8 p.n > 



[_Tr((/2 + M)y»y\h + M) — + ^ U) y'y^lV 
+Tr((>2 + M)y^y 5 (/ 1 + M) — + ^ l) y 5 y fl )I , r 
+Tr((^ 2 + M)yV(/i + M) — + y^ 7fl )ir* 
-Tr(Q» 2 + M)y^y\ h + M)^f^V§y,)r T*] 



(10) 



M 2 ' M 

Dropping the contributions proportional to the proton mass, the spin 
asymmetry reads ( 60123 = -e 0123 = +1) 

in 2 1 + £ e"P s i & T 

c Si — c~ s ' =S^L^Z1- 3m(lT) 

O 6 £ M 

y $ (11) 

|C| 2 |A T |l+^ 
= -4-^-— — — sin(0 - (ps)om(I I ). 

Comparing with the expressions for the unpolarised cross section obtained 
in Ref. 3, one concludes that the asymmetry for the hard-parton induced 
contribution is leading-twist as soon as A T + and I or I' are no longer 
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pure real or pure imaginary numbers. This is precisely what one expects 
when DGLAP contributions are taken into account. 16 

5. Discussion and conclusion 

Although the knowledge of baryon to meson TDAs has recently improved 
significantly thanks to a first study in the meson cloud model 10 and another 
one focused on their spectral representations, 15 model-independent observ- 
ables aimed at studying the backward regime of meson electroproduction 
will still be the bread-and-butter of this field for the months to come. 

In this context, we find it particularly relevant to emphasize that the 
study of the asymmetry of the target transverse spin would reveal unique 
information on the nature of the particles exchanged in the u channel, be 
it a "mere" baryon slightly off-shell, or three perturbative quarks. For non- 
vanishing transverse momenta (A r ), one expects in the latter case an asym- 
metry of the same order as the unpolarised cross section, while, in the 
former case, they would be most likely decreasing for increasing W 2 and 
Q 2 . 
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